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ABSTRACT 

A m o l e c u l a r  s i e v e  i s  a r e g e n e r a b l e  sys t em t h a t  removes 
C 0 2  f rom t h e  s p a c e c r a f t  c a b i n  a tmosphe re .  T h i s  f u n c t i o n  i s  
accompl i shed  b y  an  a d s o r p t i o n  p r o c e s s  which depends on t h e  
p h y s i c a l  p r o p e r t i e s  o f  t h e  C02 molecu le  and t h e  m o l e c u l a r  s i e v e  
a d s o r b i n g  mater ia l .  The s i e v e  i s  r e g e n e r a t e d  ( t h a t  i s ,  C02 
m o l e c u l e s  a r e  deso rbed  from t h e  m o l e c u l a r  s i e v e )  b y  t h e  a p p l i -  
c a t i o n  of hea t  or a d e c r e a s e  i n  bed  p r e s s u r e  or a combina t ion  
of  t h e  two. Molecu la r  s i e v e  mater ia l  has a h i g h e r  a f f i n i t y  for 
water t h a n  f o r  C 0 2 ;  t h u s ,  t h e  a tmosphere  must b e  p r e d r i e d  b e f o r e  
e n t e r i n g  t h e  C02 removal bed .  

The d i f f e r e n c e  between a two-bed sys t em and a four -bed  s y s t e m  i s  
t h a t ,  i n  t h e  l a t t e r ,  t h e  p r e d r y i n g  mater ia l  i s  no t  i n  t h e  same 
c a n i s t e r  as t h e  C02 removal  b e d ,  and t h u s  can  be d e s o r b e d  
s e p a r a t e l y  to conse rve  w a t e r .  O t h e r  a s p e c t s  of t hese  two 
c o n f i g u r a t i o n s  a r e  d i s c u s s e d .  

Two-bed s y s t e m s  and four -bed  sys t ems  a r e  i n  common u s e .  

The A i r  Research  m o l e c u l a r  s i e v e  f o r  AAP-2 i s  a 
two-bed s y s t e m  t h a t  i s  desorbed  t o  s p a c e  vacuum. A number o f  
r e d u n d a n t  f e a t u r e s  a r e  i n c o r p o r a t e d  i n  t h e  d e s i g n  t o  p r o t e c t  
a g a i n s t  sys t em f a i l u r e s .  Design parameters f o r  t h e  A i r  Resea rch  
m o l e c u l a r  s i e v e  and a sys t em s c h e m a t i c  d iagram are  d i s c u s s e d .  
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I N T R O D U C T I O N  

L i th ium Hydroxide ( L i O H )  has been  used  t o  remove C02 
from t h e  c a b i n  atmosphere i n  a l l  U .  S .  manned s p a c e  f l i g h t s .  
However, f o r  l o n g  d u r a t i o n  m i s s i o n s  (g rea t e r  t h a n  s e v e r a l  weeks ) ,  
t h e  w e i g h t  p e n a l t y  a s s o c i a t e d  w i t h  L i O H  i s  e x c e s s i v e ,  and i t  
becomes advantageous  t o  u s e  a r e g e n e r a b l e  s y s t e m  f o r  C 0 2  removal .  

t e n  y e a r s  o f  r e s e a r c h  and development i s  t h e  m o l e c u l a r  s i e v e .  The 
C02  removal  mechanism o f  t h e  m o l e c u l a r  s i e v e  i s  w e l l  u n d e r s t o o d  
and has been  v e r i f i e d  d u r i n g  thousands  o f  h o u r s  of  l a b o r a t o r y  and 
development  t e s t s  -- b o t h  manned and unmanned. The f i r s t  o p e r a t i o n a l  
u s e s  o f  m o l e c u l a r  s i e v e s  i n  t h e  U .  S .  manned s p a c e  program w i l l  b e  
i n  t h e  Apol lo  A p p l i c a t i o n s  Program and t h e  A i r  F o r c e  MOL program. 

A r e g e n e r a b l e  system t h a t  has evo lved  d u r i n g  approx ima te ly  

MOLECULAR SIEVE MATERIAL 

The h e a r t  o f  t h e  C02 removal  sys t em i s  t h e  m o l e c u l a r  
s i e v e  mater ia l  used  f o r  a d s o r b i n g  C 0 2 .  I t  i s  s y n t h e t i c  z e o l i t e  
( c h e m i c a l l y  an a l u m i n o - s i l i c a t e )  o f t e n  r e f e r r e d  t o  b y  t h e  manu- 
f a c t u r e r s  name f o l l o w e d  by a t y p e  number ( e . g .  L inde  Type l3X). 
T h e  ma te r i a l  has  a c r y s t a l l i n e  s t r u c t u r e  which i s  e x t r e m e l y  
p o r o u s .  Pore s i z e  and shape  a r e  c o n t r o l l e d  t o  s e l e c t i v e l y  a d s o r b  
or r e j e c t  p a r t i c u l a r  g a s  molecu le s .  A s  a r e s u l t  o f  i t s  ex t reme 
p o r o s i t y ,  t h e  s p e c i f i c  s u r f a c e  area a v a i l a b l e  f o r  a d s o r p t i o n  ~ U I I S  
as h i g h  as 700-800 m2/gm. 
t h a t  t h e  dange r  o f  r e a c t i o n  ( a n d  consequent  d e g r a d a t i o n  o f  t h e  CO? 
a d s o r p t i o n  c a p a c i t y )  w i t h  con taminan t s  w i t h i n  t h e  c a b i n  a tmosphere  
i s  small .  Molecu la r  s i e v e  mater ia l  i s  u s u a l l y  produced  i n  t h e  
form o f  small p e l l e t s  or g r a n u l e s .  T h e s e  e x h i b i t  h i g h  s t r e n g t h  
c h a r a c t e r i s t i c s  which s u s t a i n  t h e  mater ia l  th rough  t h e  ex t reme 
v i b r a t i o n a l  and a c c e l e r a t i o n  envi ronment  a t  l a u n c h .  The m a j o r  
d i s a d v a n t a g e  of t h e  mater ia l  i s  i t s  ext reme s e n s i t i v i t y  t o  water; 
t h a t  i s ,  i t  w i l l  p r e f e r e n t i a l l y  adso rb  water o v e r  C02 m o l e c u l e s .  
T h i s  n e c e s s i t a t e s  removal of  water from t h e  c a b i n  a tmosphere  b e f o r e  
i t  e n t e r s  t h e  m o l e c u l a r  s i e v e  C 0 2  removal  ma te r i a l .  Water i s  r e -  
moved i n  a p r e d r y i n g  bed  which, depending  on t h e  p a r t i c u l a r  s y s t e m  
c o n f i g u r a t i o n ,  may be  e i t h e r  s i l i c a  g e l  or m o l e c u l a r  s i e v e  m a t e r i a l  
i t s e l f .  

The ma te r i a l  i s  r e l a t i v e l y  i n e r t  s o  
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M O L E C U L A R  S I E V E  ADSORPTION P R O C E S S  

The C 0 2  a d s o r p t i o n  p r o c e d u r e  c h a r a c t e r i s t i c  o f  a l l  
m o l e c u l a r  s i e v e s  i s  shown i n  b l o c k  diagram form i n  F i g u r e  1. 
A f t e r  p a s s i n g  th rough  a condens ing  h e a t  exchange r  f o r  p a r t i a l  
water removal ,  t h e  c a b i n  a i r  stream i s  d i r e c t e d  t h r o u g h  a p r e d r y i n g  
bed where i t  i s  d r i e d  t o  a dew p o i n t  of a p p r o x i m a t e l y  -50°F. The 
e x t r e m e l y  d r y  a i r  e x i t i n g  t h e  p r e d r i e r  i s  t h e n  p a s s e d  t h r o u g h  t h e  
C 0 2  removal  b e d .  
t o  t h e  c a b i n  a tmosphere .  A second s y s t e m  i d e n t i c a l  t o  t h a t  shown 
i n  F i g u r e  1 would s i m u l t a n e o u s l y  b e  d e s o r b i n g  water and C 0 2  p r e -  
v i o u s l y  accumula t ed .  The t w o  p a r a l l e l  sys t ems  are  p e r i o d i c a l l y  
c y c l e d  t o  p r o v i d e  a cont inuous  C 0 2  removal  c a p a b i l i t y .  

i s  an  " a d s o r p t i o n "  r a t h e r  than  an " a b s o r p t i o n "  p r o c e s s .  ( T h e  
r e a c t i o n  of  C 0 2  w i t h  L i O H  i s  an " a b s o r p t i o n "  p r o c e s s . )  The i n t e r -  
a c t i o n  between t h e  adso rbed  molecule  and t h e  a d s o r b i n g  mater ia l  i s  
t h e  r e s u l t  of a p h y s i c a l  a t t r a c t i o n ;  no  chemica l  r e a c t i o n  takes  
p l a c e .  There  i s  g e n e r a l  agreement t h a t  t h e  a t t r a c t i v e  f o r c e  i s  
e l e c t r i c a l  and t akes  p l a c e  on t h e  m o l e c u l a r  l e v e l .  I t  i s  h i g h l y  
dependent  on t h e  a tomic  s t r u c t u r e  of t h e  a d s o r b a t e  and a d s o r b e n t  
m o l e c u l e s .  

"Clean" a i r  from t h e  bed i s  d i r e c t e d  back  

The mechanism by which C 0 2  i s  removed f rom t h e  a i r  

Dur ing  t h e  s y s t e m  o p e r a t i o n ,  g a s  m o l e c u l e s  a r e  s imul -  
t a n e o u s l y  a d s o r b i n g  and d e s o r b i n g  from t h e  s u r f a c e  of t h e  mole- 
c u l a r  s i e v e  ma te r i a l .  Adsorp t ion  and d e s o r p t i o n  can  b e  t h o u g h t  
o f  as competing p r o c e s s e s  i n  which t h e  number o f  a d s o r b i n g  mole- 
c u l e s  and t h e  number of molecules  l e a v i n g  t h e  s u r f a c e  are s t r i v i n g  
to r e a c h  an e q u i l i b r i u m  p o i n t  a t  which t h e  n e t  a d s o r p t i o n  ( o r  
d e s o r p t i o n )  r a t e  i s  z e r o .  T h i s  e q u i l i b r i u m  p o i n t  d e t e r m i n e s  
t h e  a d s o r p t i o n  c a p a c i t y  o f  t h e  bed  and i s  dependent  on a number 
o f  f a c t o r s  -- t h e  two most i m p o r t a n t  b e i n g  b e d  t e m p e r a t u r e  and 
C 0 2  p a r t i a l  p r e s s u r e .  The  d i r e c t i o n  o f  t h e  p r o c e s s  ( t h a t  i s ,  
a d s o r p t i o n  or d e s o r p t i o n )  can be  c o n t r o l l e d  by  v a r y i n g  these  
p a r a m e t e r s ,  F i g u r e  2 i n d i c a t e s  t h a t  bed  a d s o r p t i o n  c a p a c i t y  
d e c r e a s e s  w i t h  d e c r e a s i n g  C 0 2  p a r t i a l  p r e s s u r e  and w i t h  i n c r e a s i n g  
b e d  t e m p e r a t u r e .  T h u s  a s a t c r a t e d  bei:  may b e  regenerated by 
s u b j e c t i n g  i t  t o  a low e x t e r n a l  p r e s s u r e  or b y  i n c r e a s i n g  i t s  
t e m p e r a t u r e .  

Upon a d s o r p t i o n ,  t h e  energy  s t a t e  of  t h e  a d s o r b e d  
m o l e c u l e  i s  d e c r e a s e d ;  t h i s  r e l e a s e  of  energy  m a n i f e s t s  i t s e l f  
i n  t h e  form of h e a t .  T h e r e f o r e ,  d u r i n g  a d s o r p t i o n  t h e  t e m p e r a t u r e  
of' t h e  m o l e c u l a r  s i e v e  bed  i n c r e a s e s  u n l e s s  a means o f  removing 
t h e  h e a t  of a d s o r p t i o n  i s  p rov ided .  T h i s  heat  r e l e a s e d  d u r i n g  
a d s o r p t i o n  becomes a n  i m p o r t a n t  f a c t o r  i n  s y s t e m  d e s i g n  s i n c e ,  
as w e  have  a l ready s e e n ,  bed a d s o r p t i o n  c a p a c i t y  i s  h i g h l y  
dependen t  on t e m p e r a t u r e .  
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A mass t r a n s f e r  zone concep t  i s  o f t e n  used  i n  s y s t e m  
d e s i g n ;  F i g u r e  3 i l l u s t r a t e s  t h i s  approach .  Adsorp t ion  t a k e s  
p l a c e  w i t h i n  t h e  b o u n d a r i e s  of t h e  mass t r a n s f e r  zone .  T h i s  
a d s o r p t i o n  zone t r a v e l s  a l o n g  t h e  l e n g t h  o f  t h e  bed i n  t h e  
d i r e c t i o n  of  a i r  f low ( f rom l e f t  t o  r i g h t  i n  t h e  F i g u r e ) .  The 
s l o p e  o f  t h e  c u r v e  w i t h i n  t h e  mass t r a n s f e r  zone i s  an i n d i c a -  
t i o n  of  t h e  r a t e  a t  which a d s o r p t i o n  i s  t a k i n g  p l a c e ;  f o r  
example,  a h o r i z o n t a l  l i n e  ( z e r o  s l o p e )  c o r r e s p o n d s  t o  a 
z e r o  n e t  a d s o r p t i o n  r a t e  whereas a ve ry  s t e e p  s l o p e  would 
i n d i c a t e  t h a t  a d s o r p t i o n  i s  o c c u r r i n g  r a p i d l y .  

When t h e  f r o n t  of t h e  mass t r a n s f e r  zone r e a c h e s  t h e  
end of  t h e  b e d ,  C 0 2  w i l l  appear  i n  t h e  e f f l u e n t  g a s  stream. It 
i s  a t  t h i s  p o i n t  t h a t  one would l i k e  t o  i n i t i a t e  t h e  d e s o r p t i o n  
c y c l e  f o r  t h e  b e d .  I f  t h e  mass t r a n s f e r  zone i s  l o n g ,  a la rge  
p o r t i o n  o f  t h e  bed  w i l l  remain u n s a t u r a t e d .  T h i s  means i n e f f i -  
c i e n t  bed u t i l i z a t i o n ,  and t h e  u n s a t u r a t e d  p o r t i o n  o f  t h e  b e d  
c o n s t i t u t e s  an u n d e s i r a b l e  weight  p e n a l t y .  C l e a r l y  , maximum 
u t i l i z a t i o n  o f  a v a i l a b l e  bed c a p a c i t y  w i l l  b e  o b t a i n e d  i f  t h e  
mass t r a n s f e r  zone i s  k e p t  as s h o r t  as p o s s i b l e .  Keeping t h e  
mass t r a n s f e r  zone s h o r t  i s  a d i f f i c u l t  d e s i g n  t a s k  s i n c e  zone 
l e n g t h  depends on a number of f a c t o r s  such  as f low v e l o c i t y ,  C 0 2  
p a r t i a l  p r e s s u r e ,  a d s o r b e n t  p e l l e t  s i z e ,  b e d  and g a s  s t r e a m  t e m -  
p e r a t u r e s ,  t o t a l  p r e s s u r e ,  and r e s i d u a l  c o n c e n t r a t i o n  o f  C 0 2  
w i t h i n  t h e  s i e v e .  

DESORPTION PROCEDURES 

R e g e n e r a t i o n  of  s a tu ra t ed  m o l e c u l a r  s i e v e  m a t e r i a l  i s  
accompl i shed  by changing  the  e q u i l i b r i u m  a d s o r p t i o n  c a p a c i t y  
o f  t h e  b e d .  T h i s  may b e  accompl ished  b y  e i t h e r  i n c r e a s i n g  bed  
t e m p e r a t u r e  or by d e c r e a s i n g  C 0 2  p a r t i a l  p r e s s u r e .  

The s i m p l e s t  o f  t h e  d e s o r p t i o n  p r o c e d u r e s  c o n s i s t s  o f  
v e n t i n g  t h e  s a t u r a t e d  b e d  t o  s p a c e  vacuum; t h i s  i s  known as t h e  
p r e s s u r e - s w i n g  t e c h n i q u e .  The low p r e s s u r e  s u r r o u n d i n g  t h e  bed  
r e s u i t s  i n  a n e t  d e s o r p t i o n  of 2 G 2  ( o r  wate1.j n o i e c u l e s  iiritil a 
new e q u i l i b r i u m  p o i n t  i s  r eached .  Bed a d s o r p t i o n  c a p a c i t y  may 
a l s o  b e  d e c r e a s e d  th rough  t h e  a d d i t i o n  o f  h e a t .  Thermal-swing 
d e s o r p t i o n  makes u s e  o f  t h i s  f a c t  and d r i v e s  molecu le s  f rom a 
s a t u r a t e d  b e d  b y  i n c r e a s i n g  i t s  t e m p e r a t u r e .  A t h i r d  d e s o r p t i o n  
t e c h n i q u e  i n  common use  i s  purge g a s  s t r i p p i n g .  T h i s  c o n s i s t s  
of  p u r g i n g  t h e  bed w i t h  a h e a t e d  g a s  d u r i n g  t h e  d e s o r p t i o n  c y c l e .  
The sweep ing  a c t i o n  of  t h e  gas  i n  combina t ion  w i t h  t h e  hea t  t r a n s -  
f e r  a c t s  t o  deso rb  the  b e d  more  e f f i c i e n t l y  t h a n  t h e  r e l a t i v e l y  
s low g a s  d i f f u s i o n  which t a k e s  p l a c e  i n  t h e  p r e s s u r e - s w i n g  and 
the rma l - swing  t e c h n i q u e s .  Purge g a s  s t r i p p i n g  i s  o f t e n  u s e d  
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when d e s o r p t i o n  t a k e s  p l a c e  t o  t h e  h i g h e r  p r e s s u r e s  of t h e  
c a b i n  a tmosphere .  I n  p r a c t i c e ,  two or more o f  t h e  d e s o r p t i o n  
p r o c e d u r e s  d e s c r i b e d  above a r e  o f t e n  combined i n  a s i n g l e  s y s t e m .  

MOLECULAR SIEVE SYSTEM CONFIGURATIONS 

The m o l e c u l a r  s i e v e  sys t ems  i n  common u s e  a r e  r e f e r r e d  
t o  i n  t h e  l i t e r a t u r e  as a two-bed sys t em and a four -bed  s y s t e m  
( s e e  F i g u r e  4 and F i g u r e  6 ) .  T h i s  nomenc la tu re  i s  m i s l e a d i n g  
and o f t e n  s e r v e s  as a s o u r c e  of  c o n f u s i o n  to t h o s e  n o t  a l r e a d y  
f a m i l i a r  w i t h  m o l e c u l a r  s i e v e  d e s i g n .  A more a c c u r a t e  d e s c r i p t i o n  
would b e  a t w o - c a n i s t e r  s y s t e m  o r  a f o u r - c a n i s t e r  s y s t e m .  Both 
c o n t a i n  f o u r  beds  -- two f o r  p r e d r y i n g  and  two f o r  C02 removal .  
T h e  d i f f e r e n c e  between t h e  t w o  sys t ems  i s  t h a t  t h e  f i r s t  ( two- 
b e d )  c o n t a i n s  b o t h  t h e  w a t e r  and C02 a d s o r p t i o n  beds  w i t h i n  a 
s i n g l e  c a n i s t e r  whereas  t h e  second ( f o u r - b e d )  h a s  each  bed i n  
a s e p a r a t e  c a n i s t e r .  

Because t h e  two-bed s y s t e m  c o n t a i n s  b o t h  water and C02  
s o r b e n t s  w i t h i n  t h e  same c a n i s t e r ,  d e s o r p t i o n  o f  C02 t o  s p a c e  
vacuum a l s o  r e q u i r e s  t h e  dumping o f  water .  T h e r e f o r e  t h e  two-bed 
s y s t e m  i s  commonly used  when w a t e r  r e c o v e r y  i s  n o t  n e c e s s a r y .  
When on ly  p re s su re - swing  d e s o r p t i o n  i s  u s e d ,  t h i s  s y s t e m  i s  
c a l l e d  "two-bed a d i a b a t i c .  The two-bed a d i a b a t i c  c o n f i g u r a t i o n  
i s  shown i n  F i g u r e  4 .  If thermal -swing  d e s o r p t i o n  i s  combined w i t h  
p r e s s u r e - s w i n g  d e s o r p t i o n  to space  vacuum, t h e  s y s t e m  i s  c a l l e d  
"two-bed thermal -swing .  This  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  5 .  

The p r imary  advantage  o f  t h e  two-bed a d i a b a t i c  c o n f i g u r a -  
t i o n  of  F i g u r e  4 i s  i t s  s i m p l i c i t y .  A f t e r  p a s s i n g  th rough  a con- 
d e n s i n g  h e a t  exchange r ,  t h e  a i r  stream e n t e r s  t h e  s y s t e m  and i s  
v a l v e d  t h r o u g h  t h e  a d s o r b i n g  c a n i s t e r  and t h e n  back  t o  t h e  c a b i n .  
The s e c o n d  c a n i s t e r  i s  s i m u l t a n e o u s l y  d e s o r b i n g  HzO and C02  to 
s p a c e  vacuum. I n  t h i s  c o n f i g u r a t i o n ,  m o l e c u l a r  s i e v e  m a t e r i a l  i s  
o f t e n  used  f o r  t h e  H20 b e d  as w e l l  as t h e  C 0 2  a d s o r p t i o n  b e d  
s i n c e  i t  d e s o r b s  e a s i l y  to space  vacuum and a c t u a l l y  h a s  a h i g h e r  
a f f i n i t y  f o r  water t h a n  s i l i c a  g e l .  The p r imary  d i s a d v a n t a g e  o f  
t h i s  s y s t e m  i s  i t s  heavy we igh t .  Because o f  t h e  h e a t i n g  e f f e c t s  
a s s o c i a t e d  w i t h  a d s o r p t i o n ,  l a r g e  s i z e  b e d s  must b e  u t i l i z e d  t o  
make up f o r  t h e  c o r r e s p o n d i n g  d e c r e a s e  i n  a d s o r p t i o n  c a p a c i t y .  

t o  t h a t  o f  t h e  two-bed a d i a b a t i c ;  t h e  o n l y  change i s  an added i n t e r -  
f a c e  w i t h  an a c t i v e  t h e r m a l  c o n t r o l  s y s t e m .  A c t i v e  t h e r m a l  c o n t r o l  
improves  o v e r a l l  s y s t e m  e f f i c i e n c y  b y  m a i n t a i n i n g  a c o n s t a n t  bed 
t e m p e r a t u r e  d u r i n g  a d s o r p t i o n  (\6O0F) and d e s o r p t i o n  ( % l 0 O 0 F ) .  
T h i s  i n c r e a s e d  e f f i c i e n c y  l e a d s  t o  smaller  bed s i z e s  and c o n s e q u e n t l y  
l o w e r  s y s t e m  w e i g h t .  The major  d i s a d v a n t a g e  o f  t h e r m a l  swing  i s  
t h e  i n c r e a s e d  complex i ty  of  t h e  added t h e r m a l  i n t e r f a c e .  

The two-bed thermal -swing  c o n f i g u r a t i o n  i s  ve ry  s imi l a r  
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The four -bed  s y s t e m  i s  shown i n  F i g u r e  6 .  Each o f  
t h e  f o u r  b e d s  a r e  c o n t a i n e d  i n  s e p a r a t e  c a n i s t e r s ,  which p e r m i t s  
t h e  c o n s e r v a t i o n  o f  w a t e r  or C02 or b o t h .  The fou r -bed  s y s t e m  i s  
s i g n i f i c a n t l y  more complex t h a n  t h e  two-bed c o n f i g u r a t i o n  b e c a u s e  
of  the  complex c o n t r o l  a s s o c i a t e d  w i t h  t h e  v a l v e  and  d u c t i n g  
n e t w o r k .  F o r  l o n g  d u r a t i o n  m i s s i o n s ,  however ,  t h e  a d d i t i o n a l  
s y s t e m  we igh t  and complex i ty  a r e  more t h a n  compensated f o r  b y  
t h e  w a t e r  and C02 c o n s e r v a t i o n  c a p a b i l i t y .  

I n  t h e  fou r -bed  c o n f i g u r a t i o n ,  a i r  e n t e r s  t h e  s y s t e m  
from a condens ing  h e a t  e x c h a n g e r . a n d  t h e n  i s  f u r t h e r  d r i e d  t o  a 
-50°F dewpoint  b y  t h e  p r e d r y i n g  b e d .  A f t e r  p a s s i n g  t h r o u g h  t h e  
C02 a d s o r p t i o n  b e d ,  t h e  " c l e a n , "  d r y  a i r  i s  d i r e c t e d  t h r o u g h  t h e  
d e s o r b i n g  water b e d .  The d r y  a i r  stream p i c k s  up w a t e r  f rom t h e  
d e s o r b i n g  b e d  and r e t u r n s  i t  t o  t h e  c a b i n  a tmosphe re  where i t  can  
b e  r e c o v e r e d  b y  t h e  condens ing  hea t  e x c h a n g e r s .  The  d e s o r b i n g  C02 
bed  may b e  v e n t e d  t o  s p a c e  vacuum o r  r e t u r n e d  to a C02 a c c u m u l a t o r  
Note t h a t  i n  t h i s  p a r t i c u l a r  c o n f i g u r a t i o n  a l l  t h r e e  s t a n d a r d  
d e s o r p t i o n  t e c h n i q u e s  -- p r e s s u r e - s w i n g ,  t he rma l - swing ,  and p u r g e  
gas s t r i p p i n g  -- a r e  combined. 

I n  t h e  fou r -bed  c o n f i g u r a t i o n ,  t h e  p r e d r y i n g  bed i s  
u s u a l l y  composed of  s i l i c a  g e l .  S i l i c a  g e l  has v e r y  l i t t l e  
a f f i n i t y  f o r  C02, an  i m p o r t a n t  c h a r a c t e r i s t i c  s i n c e  t h e  water 
b e d  i s  d e s o r b e d  to t h e  c a b i n  a tmosphe re .  S i l i c a  g e l  i s  a l s o  
e a s i e r  t o  d e s o r b  a t  t h e  h i g h e r  t o t a l  p r e s s u r e  o f  t h e  c a b i n  a t -  
mospher? .  

Al though n o t  shown i n  F i g u r e s  4 ,  5 ,  a n d  6 ,  e a c h  o f  t h e  
c o n f i g u r a t i o n s  d e s c r i b e d  above have  e l e c t r i c a l  h e a t i n g  c o i l s  
imbedded i n  t h e  C02 a d s o r b e n t  b e d s .  Dur ing  normal  o p e r a t i o n ,  t h e  
C 0 2  a d s o r b e n t  beds  become s l o w l y  c o n t a m i n a t e d  w i t h  w a t e r  as a 
r e s u l t  of t h e  i m p e r f e c t  d r y i n g  o f  t h e  a tmosphe re  p r i o r  t o  e n t e r i n g  
t h e  C02 b e d .  T h i s  p r o g r e s s i v e  water c o n t a m i n a t i o n  s l o w l y  r e d u c e s  
t h e  C02 a d s o r p t i o n  c a p a c i t y  of t h e  b e d  s o  t h a t  p e r i o d i c  bake -ou t  i s  
r e q u i r e d .  Bake-out c o n s i s t s  o f  h e a t i n g  t h e  bed t o  a h i g h  t e m p e r a t u r e  
!%40O0F) and desorbLng t o  s p a c e  vacuum f o r  5 t o  1 0  h o u r s  u n t i l  t h e  
r e s i d u a l  con taminan t  c o n c e n t r a t i o n  w i t h i n  t h e  b e d  i s  a p p r o x i m a t e l y  
z e r o .  Bake-out c a p a b i l i t y  a l s o  p r o v i d e s  a s a f e g u a r d  a g a i n s t  water 
c o n t a m i n a t i o n  r e s u l t i n g  from a f a i l u r e  i n  t h e  c o n d e n s i n g  hea t  
e x c h a n g e r .  

A w e i g h t  compar ison  o f  t h e  t h ree  m o l e c u l a r  s i e v e  
c o n f i g u r a t i o n s  i s  shown i n  F i g u r e  7 .  The i m p o r t a n t  p o i n t  t o  n o t e  
heye i s  t h e  r e l a t i v e  w e i g h t  of  t h e  t h r e e  c o n f i g u r a t i o n s ;  i n  p r a c -  
t i c e ,  any p a r t i c u l a r  d e s i g n  may v a r y  c o n s i d e r a b l y  f rom t h e  w e i g h t s  
o f  F i g u r e  7 .  The w e i g h t s  shown are  somewhat h e a v i e r  t h a n  o f t e n  
s e e n  i n  t h e  l i t e r a t u r e j a n d  c o r r e s p o n d  t o  d e s i g n s  w i t h  a h i g h  l e v e l  
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o f  b u i l t  i n  redundancy .  The sys tems are each  s i z e d  f o r  a 
three-man crew.  The w e i g h t  shown f o r  t h e  two-bed a d i a b a t i c  
s y s t e m  co r re sponds  t o  t h e  A i r  Resea rch  d e s i g n  f o r  AAP-2. The 
s l o p e  o f  each  cu rve  r e s u l t s  from t h e  we igh t  p e n a l t y  a t t r i b u t e d  t o  
t h e  a t m o s p h e r i c  l o s s  d u r i n g  d e s o r p t i o n .  A dashed  l i n e  i s  a l s o  
shown i n d i c a t i n g  t h e  e q u i v a l e n t  weight  o f  a two-bed a d i a b a t i c  
s y s t e m  when p e n a l i z e d  for w a t e r  l o s t  o v e r b o a r d .  T h e  water p e n a l t y  
was assumed t o  b e  5 l b s / d a y ,  t h e  p r o j e c t e d  f i g u r e  f o r  t h e  AAP-2 
m o l e c u l a r  s i e v e .  

AAP-2 MOLECULAR SIEVE 

The A i r l o c k  Module m o l e c u l a r  s i e v e  i s  a two-bed, 
a d i a b a t i c  sys t em d e s i g n e d  by t h e  A i r  Resea rch  d i v i s i o n  o f  t h e  
Garre t t  C o r p o r a t i o n .  V a r i o u s  d e s i g n  f e a t u r e s  o f  t h e  s y s t e m  a re  
shown i n  F i g u r e  8. A s chemat i c  which i n d i c a t e s  i n t e r f a c e s  w i t h  
o t h e r  s p a c e c r a f t  s y s t e m s  i s  shown i n  F i g u r e  9. 

A i r  f l ow i n t o  t h e  s y s t e m  d i v i d e s  between a c h a r c o a l  
o d o r  a d s o r p t i o n  c a n i s t e r ,  a bypass  l i n e ,  and t h e  a d s o r b i n g  
m o l e c u l a r  s i e v e  c a n i s t e r .  The d e s o r b i n g  bed  i s  v e n t e d  t o  s p a c e  
vacuum t h r o u g h  a t h r e e  i n c h  d u c t .  The gas  s e l e c t o r  v a l v e s  
used  t o  c o n t r o l  c a n i s t e r  c y c l i n g  a re  p n e u m a t i c a l l y  c o n t r o l l e d  
b y  t h e  use  of  h i g h  p r e s s u r e  ( 1 0 0  to 250 p s i )  oxygen.  An a u t o -  
m a t i c  c y c l e  t imer  i s  used  t o  c o n t r o l  s o l e n o i d  a c t u a t i o n  v a l v e s  
i n  t h e  oxygen p r e s s u r i z a t i o n  sequence .  
imbedded i n  each  c a n i s t e r  p r o v i d e  a bake-out  p r o v i s i o n  i n  t h e  
e v e n t  t h e  beds become con tamina ted  w i t h  w a t e r .  

E l e c t r i c a l  hea t e r s  

A s  can  b e  s e e n  from F i g u r e  9 ,  a l a r g e  amount o f  
redundancy  has been  i n c o r p o r a t e d  i n  t h e  m o l e c u l a r  s i e v e  d e s i g n .  
Redundant a u t o m a t i c  c y c l e  t i m e r s  are  used  t o  c o n t r o l  t h e  s o l e -  
n o i d  a c t u a t i o n  v a l v e s  ; the t e m p e r a t u r e  c o n t r o l l e r s  f o r  t h e  bake-out  
hea te rs  a re  also r e d u n d a n t .  Manual i n t e r c o n n e c t  v a l v e s  add a l e v e l  
of redundancy  i n  t h e  oxygen p r e s s u r i z a t i o n  ne twork  s o  t h a t  up t o  
two s o l e n o i d  v a l v e s  may f a i l  w i t h o u t  a f f e c t i n g  a u t o m a t i c  a c t u a t i o n  
of  t h e  g a s  s e l e c t o r  v a l v e s .  
v a l v e s  may be a c t u a t e d  e i t h e r  a u t o m a t i c a l l y  or manua l ly .  F i n a l l y ,  
if c)ne x b e r b e n t  canister becomes i r r e v e r s i b l y  d i s a b l e d ,  emergency 
o p e r a t i o n  u t i l i z i n g  on ly  one c a n i s t e r  i s  p o s s i b l e .  One c a n i s t e r  
o p e r a t i o n  w i l l  m a i n t a i n  t h e  c l u s t e r  C O P  l e v e l  a t  1 5  mmHg as opposed 
t o  t h e  normal  maximum l e v e l  of 7 .6  mmHg d u r i n g  two c a n i s t e r  
o p e r a t i o n .  A C 0 2  l e v e l  of  15 mmHg i s  c o n s i d e r e d  a n  emergency l i m i t  
i n  t h e  A A P  program. The l e n g t h  of  t i m e  f o r  which t h i s  l e v e l  i s  
a c c e p t a b l e  depends t o  a l a r g e  d e g r e e  on whe the r  t h e  crew i s  ex- 

The s o l e n o i d  v a l v e s  and g a s  s e l e c t o r  

p e r i e n c i n g  any d i s c o m f o r t .  

1022-JJS-ms J .  J .  Sakolosky  

At t achmen t s  
F i g u r e s  1-9 
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